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SUMMARY

An experimental.investigationwasmadetodeterminethesc~e
effectsoftheforcesfromwatersprsygeneratedby a flatrectangular
planingsurfaceandimpingingona collectorplaterepresentativeof
anaerodynamicsurfaceorotherpartofa water-basedairplane.Idft
anddragforcesontheflatrectangularplaningsurfaceandonthe
spray-collectorplateweremeasursdoUnderwaterphotographsofthe
wettedplsningareasndphotographsofthespraygeneratedby the
planingsurfaceweremade. Twosizesofmodelsweretested.Thesmall
modelqonsistedofa flatrectangularplaningsurfacewitha 2-inch!. besmanda flatrectangularspray-collectorplate16incheslongand
10.67incheswide. Thelargemodelwasgeometricallysimilarto the
smallmodelandwasfivetimesitslineardtiensions.Testsweremade,
withthecollectorplatetitwoverticallocations,1.0and1.5 gener-
atorbeamsabovethefreewatersurface.Thetrimoftheplaningsw-
facewassetat ~, 15°, W 20°,andwetted-length-beamratiosof
1.0,1.5, 2.0,and2.5weretestedattowingspeedsfrom10to $!3feet
persecond.

Theresultsoftheinvestigationshowthatimpinging-spraylift
forcescanbe scaledbytheconventionalIYouderelations.Thesmall-
model-spraydragforces,however,werefoundtobehigherthanthoseof
thelargemodelwhenscaledby theconventionalIRcouderelations;thus,
a Reynoldsnumbereffecton spraydragwastidicated.Byusingan
empiricalmethodforcorrectingthesprayfrictiondragcoefficientson
a Reynoldsnunberbasis,reasonableagreementwiththeSchoenherrline
wasgenerallyobtained.

_——.— —.— .- ——— —-. -- —- -——— -——
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IIIJTRODUXIION

b thepast,seaplanesprayinvestigationswereprimarilyconcerned
withthedefinitionsadreductionof sprayimpingingonthepropellers,
horizontal-tailswfaces,smdflapsbecausethoseregionsoftheair-
craftweremostsusceptibleto spraydamage.Recentdevelopments,how-
ever,havealteredthesprayconsideration,smnewhatsincemodernsea-
planedesignsutilizejetengines,lowhulls,andauxiliaryplaning
devices.Thesemoderndesigns,therefore,havecompactsilhouetteswith
closelycoupledaerodynamicandhydrodynamiccomponents.

Withaerodynamicsurfacesconstructedstrongertowithstandhigh-
speedflightloads,considerableforcesmaybedevelopedontheBe
surfacesby impin@ngspraytithoutnecessarilycausingdsmage.These
impinging-sprayforcesmaybe largeenoughtoaffecttske-offperform-
ance,and~~hetherthereisa scaleeffectonthemwhenmodelperformance
dataarescaledtofullsizeby theusualmethodsisthereforeof
titerest.

Inthepresentstudytheliftanddragforcesona flatcollector
platecausedby sprayfroma flatplaningsurfacewereinvestigatedon
twosizesofmodelsinLangleytankno.2. Comparisonsoftheresults
aregivenandan emp~cal methd ofcorrectingfortheapparentReynolds
numbereffectobtainedissuggested..

SYMEOI.S

A wettedareaof spraycollector,sqft

b beamof

CD planing

spraygenerator,ft

dragcoefficient,Q-
:$
2

CD,s spraydragcoefficient,—
ED>
2

CF PJAI skin-frictiondragcoefficient,CD - CLtanT

CF,S .spray skin-friction
JJs

dragcoefficient,
:AV%ti2(a+ T)

. —.
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CL

CL,s

D

DE

f3

L

k

2

Is

R

.

Rs

s

v

a

T

planingliftcoefficient,—
g ‘~

L/5
spraylfitcoefficient,—

$ s+

planingdragof spraygenerator,lb

sprsydragof spraycollector,lb

IRroudenumber,

accelerationof

planingliftof

sprayliftof

wettedlength

wettedlength

h
@xatiW,32.2ft/sec2

spraygenerator,lb

sprsycollector,lb

of spraygenerator,ft

of spraycollector,ft

~Reynoldsnumberofplaning-smfaceflow, v

Reynoldsnumberof sprayflow,V sim(a+T)Zq
v

wettedsreaof spraygenerator,sqft

carriage-speed,fps

sprayanglemeasurdbetweenleadingedgeof sprayas it
leaveschineof generatorandfreewatersurface,deg

ldmmaticviscosity,ft2/sec

densi~oftankwater,forsmallmodelsprayforces
P/2= 0.9’j’lslug/cuft;forallothers
p/2= O.* slug/cuft

trimemglemeamuxdbetweenbottomofplan- swfaceand
freewatersurf=e,deg

. . ..—. _———_ .—— —-— — - __ — - -—. .
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lIeFARATusAm PROCEDURE

DescriptionofModels

Themodelsconsist~ofa spraygeneratorand
Thespraygeneratorwasa flatrectangularplaning

a spraycollector.
plate.Thesprsy

collectorwasa flatrectangukrplatewhichwasmountedaboveandto
theresrofthegeneratoras shownh figme 1. l%epertinentdtien-
sionsofthetwomodelsarelistedh tableI.

Thelsrgesprsygeneratorwasconstructedofmahoganylaminations
andwascoatedwithwhiteplastic.Thesmallspraygeneratorwascon-
structedof onepieceofmahoganyandwascoatedonthebottanandsides
withwhiteplastic.Thefacesofthemdels weremachinedtoa smooth
surfacesmdallcornerssadchinesweresharpandsqusre.Thebottoms
ofthegeneratorsweremsrkedoffwithgridsto facilitatereadingof
wettedlengthsfrcmunderwaterphotographs.Thelargecollectorplate
wasconstructedofmshoganylaminationscoatedwithwhiteplasticand
wasreinforcedwithtwo3-inchsteelchannelsrunninglengthwiseto
mhimizedeflectionunderload.Thesmallcollectorplateconsisted
ofonepieceofclearplastic.Theloadsonthisplateweretoosmall
torequireexternalstiffening.

TestMethcdsandEquipment

Thetestsweremadewiththemaintotig carriageinIangley
tankno.2. Thelsrgemdel isshownattachedtothetowingcarriage
infigurel(a).Thespraygeneratorwasattach~bymeansofa rigid
strutto a two-componentstrati-gagebalsncecapableofmeasuring
3,500pou@s ofliftand1,500poundsofdrag. Thecollectorplate
wasattachedto a s~ two-componentbalancecapableofmeasuring
1,~ pOUIldSOfliftaIld250poundsOfdrag.Eachbalmcewasprovided
witha shieldtokeepthesprayfromwettingthestraingages.Each
balancefedintoa separatetwo-chmnelstrip-chartrecorder. .

Thesmallmodelisshownattachedtothetowtngcarriageh
figurel(b).Thespraygeneratorwasattachdtothesmall-modeltowing
gearh Iangleytankno.2. Liftsaddragweremeasuredby-electrical
strain-gagebesmsandthedeflectionswerereadvisusllyongalvsmometers.
Thecollectorplatewasattachedto a specialbslancesho%mcoveredby
a spray-shieldboxh figurel(b).A thinrubberdiaphra~wasusedas
a sealbetweentheplateandboxsndofferedno appreciablerestraint
tothedeflectionofthestraingages.Figurel(c)isa photographof
thisbalamcewiththesprsyshieldremoved.Theliftanddragonthe
spray
cells

collectorweremeasu+d
mountedatrightangles

by twosingle-componentstrain-gageload
to eachother.Theliftloadcellwas
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capableofmeasuring5 poundsandthedragcell3 pounds.Theload
cellsfedintoa two-channelstrip-chartrecorder.

Underwaterphoto~aphsweremadewitha 70-milltietercsmeramounted
ina waterproofboxlocatedonthebottomofthetank. Thecameraand
high-speedflashlampsweresetoffby theactionofthecsxriagefiter-
ruptinga photoelectricbean. Photographsofthesprayweremade~.a
similarcameramountedona boomattachedtothetowingcarriage.

Theaccuracyofthevariousbalsmcesandrecordimgdeviceswas
consideredtobe asfollows:

Iargegeneratorlif’t,lb . . . . . . . . . . . . . . . . . . .
Iargegeneratordrag,lb . . . . .’.. . . . . . . . . . . . .
kgecollectorl~t,lb . . . . . . . . . . . . . . . . . . .
Iargecollectordrag,lb . . . . . . . . . . . . . . . . . . .
“Smallgeneratorlift,lb . . . . . . . . . . . . . . . . . . .
%allgeneratordragjlb . . . . . . . . . . . . . . . . . . .
SmallcoIlectorlift,lb . . . . . . . . . . . . . . . . . . .
SmaUcoll.ectordrag,lb . . . . . . . . . . . . . . . . . . .
Tnbn,deg . . . . . . . . . . . . . . . . . . . . . . . . . .
Speed,fps. d o . . . . . . . . . . . . . . . . . . . . . . .
Large-mdelwettedarea,sqft . . . . . . . . . . . . . . . .
SmaU-modelwettedsrea,sqft . . . . . . . . . . . . . . . .

~4.o
*2. O
tl.5
to.3

to●080
to.020
3-0.010
io.oo6
*oel
~o.1
to.02
to.002

Testsweremadeatgeneratortrtisof ~, 15°,and20°atwetted-
length-besmratiosof1.0,”1.5,2.0,and2.5. Thecollectorplate
wastestedat0°trimintwoverticallocations,l.Oand1.5generator

. besmsabovethefreewatersurface.Constant-speedrunsweremadefrom
10to 80feetpersecondwithbothmodels.Small-mcdelspray-collector
forces,however,weremeasmedonlyup to35feetpersecondsincethis
speedcompsresona l?roudebasiswithabout80feetpersecondonthe
largemodel.

Themeasurementsweremadewithouta windscreen.Aerodynamic
taresweremeasuredsmdsubtractedfromaU thedatapresented.

DataReduction

Thewettedareaofthespraygeneratorwasmeasmedfromtheunder-
waterphotographs.Eecauseof structmaldeflectionscausedby the
forcesonthemodels,thewettedlengthsandtrimscouldnotbepreset
asaccuratelyasdesired;therefore,a certainamountofcross-plotting
wasrequired.Theplaningliftanddraginpoundswereplottedagainst
themeasuredwettedsreas,withspeedanddesiredtrimasparameters.
Fromtheseplots,dataatthedesiredlength-beamratioswerereadand
cross-plotteiagainsttruetrim. Thetruetrimwascomputedfromthe
measuredforcesandthecorrespondingtrimchsagesobtainedduring
thebalancecalibrations.Wornthecrossplotstheplaningliftand

. . . -—. . ..— . . . . . _____ ——-
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dragatthedesiredwetted-length-beamratio,trim,andspeedwere
obtained.Thesedatawerereducedto coefficientformby the

relationshipsCL = - ~ CD . ~. me ~~-fri~tion~oeffi~ient

: s+ :s+
forthegen~atorwascomputedbytherelationCF = @ - CLtanT.

The sprayforcesonthelargemodelwerehandledina mannersimilar
tothatusedfortheplaningforces.Themeasuredsprayliftanddrag
forcesobtainedwiththecollectorplatewereplottedagainstthewetted
sreaofthegenerator.Thencrossplotsagainsttruegeneratortrimwere
made. TheSmall-mdeltestequipmentwassuchthatthesprayforces
couldbe obtainedby settingthedestredtrimandwettedlengthaccu-
rately;thus,
liftanddrag
eratorwetted

Figure2

fairingand
forceswere
sreabythe

cross-plott@werenotnecesssry.Thespray
reducedto coefficientformbasedonthegen-
followingrelationships:

CL,S= ~
k

@#

Ds
CD,s‘—

; s+

RESULTSANDDISCUSSION?

AnalysisofPlaningData

showstypicalunderwaterphotographsofthespraygenerator.

.

Theplaningliftcoefficientsobtainedwithboththelsrgeandsmallgen-
eratorsareshowninfigure3,alongwithcurvesbasedonthetheoryof
Shuford(ref.1). lhetestdataofthetwomcdelssreingoodagreement
witheachotherandareinreasonableagreementwiththetheory.

Theskin-frictionportionofthetotaldragmeasuredat ~ trimis
plottedagainstReyaoIdsnumberalongwiththeBlasiuslsminm?lineand
theSchoenherrturbulentline(ref.2) infigure4. Thisplotindicates
thath thelow-spedrangethesmall-modelboundarylayerwaslsminar.
Athigherspeedstheboundarylayerwastransitionalfromlsmtisrto
turbulent. At thehighestReynoldsnumbersobtained,theboundarylsyer

.—
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becsmefullyturbulent.Thebound~ layer
turbulentthroughouttheentirespeedrange

7

ofthelsrgemodelwas
andverygoodagreement

withtheSchoenherrfullytmbulentlinewasobtained.

At trhs ofl~”and20°theeffectofReynoldsnumberonthetotal
dragwasnegligible,aswouldbe expected.At 10WtrimS,however,~OPer
considerationoftheReynoldsnuabereffectontheskinfrictionmust,
ofcourse,bemadeinorderto scalethesmall-modeldatawiththebest
accuracypossible.

AnalysisofSprayData

Figure5showsphotographsofthesmall-modelspray.Figure6
showsphotographsofthelarge-modelspr~.

Thesprayanglea forrepresentativeconditionsmeasuredfrom
photographssuchas showninfig’me~ isplottedinfigure7. The
sprayanglewasmeasmedbetweentheleadingedgeofthesprayas it
leftthechineofthegeneratorandthefreewatersurface.Itwas
measuredfromthesmall-modelphotographsonlybutmustberepresentative
ofthelargemodelalsosincethetwoflowsaresimilaras isshown
subsequently.Thetrimofthegeneratorwasfoundtobe theprimary
parametergoverningthesprsysingleandthemaximumverticalheightof
thespray.Thesprayangleincreasdrapidlywithincreasingspeedand
thenbecameconstsatat speedsaboveabout22.5feetpersecond.The
speedatwhichthesprsyanglebecomesconstantmaybetakenasanaddi-
tional.parameterforestablishingthespeedatwhichtheplateisfully
planing.

Representativesprayliftamdspraydrag.coefficientswe plotted
againstl%oudenumberinfigures8 to 12. Thebestvalueof L/D obtained
onthecollectorplatewaslessthan2.5;hence,thesprayimpingingon
anaerodynamicsurfacecanseriouslyreducethevalueof L/D ofa water-
basedairplsae.

Thesprayforcecoefficientsplottedinfigures8 to 1.2srebased
onthegeneratorwettedsreah orderto comparethesprayforcecoef-
ficientsforthetwomcdelsatlikeplaningconditions.Thespraylift
coefficientsobtainedwiththesma~ modelagreewiththoseofthelarge
model.Sincetheseliftcoefficientssreinagreement,thetwoflows
areassuredtobe s~lar; thatis,boththedynsmicpressureofthe

spray~ V2 andthewetteduea ofthecollectorplatecanbe sca&3

accordingtol?roudeoThedragcoefficientsofthesmallm~el, however,
wereconsistentlyhigherthanthoseofthelargemodel.

_..— —— --.—-— ———. —.- ——-— —
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Theliftofthecollectorplateisdeterminedessentially~ the
upwsrdmomentmofthespraythatstrikesitandthe (probablymuch
smaller)downwsrdmomentumofthespraythatreboundsfromit. The
absenceof scaleeffectontheliftcoefficientthusimpliesthatthe
spraypatternandthemomentumtransfersredeterminedmainlyby the
FroudenumberandarelargelyindependentofReynoldsnumber.Thedrag,
however,isexclusivelysldnfrictionbetweenthecollectorandthe
fluidthatrunsalongitandisapparentlysubjectto theusualscale
effect.

An effort was made tocorrelatethemeasweddragwiththeusual
lawsof sldnfriction.@ suchcorrelation,ofcomse,wouldbe empir-
ical,sticeboththeveloci~andthephysicalcharacteristics(suchas
densi~and?riscosi&) ofthefoamymixturethatrunsalongthecollector
wouldhardlybewelldefined.A faircorrelationwasachieved,however,
onthebasisofthefollowingasswnptionsconeerningtheflowalongthe
plate:

Ps densi~of spray(assmedequaltodensityp ofwaterin
thetank)

‘s kinematicviscosi@of spray(assumedequalto lclnematic
viscosi~ v ofwaterinthetank)

Vs sprayveloci~, V Sti(T+ ~) .

18 wettedlengthofcollectorplate(cleftiedby assumingthat
thespraycontinuesattheinitialsprayanglea (fig.5) -
until it meetsthecollectorplate)

A wettedsreaof spraycollector;definedastheprckluctofthe
collectorwidthandthewettedlen@h Zs (actually,the
entirewidthOPthecollectorwasnotwettedatthelowest
trimangleandthelargestheightofthecollectorabove
thewater.)

Thesprayfrictiondragcoefficients
accordingto theseassumptions,as

andReynoldsnumberswerecomputed,

D8CF,S=—
;AVs2

Vszs
Rs=y

—
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Theexperimentalvariationof sprayfrictiondragcoefficientwith
Reynoldsnumberisshowninfigwes13to17 alongwiththeSchoenherr
turbulentskin-frictionline.ReasonableagreementwiththeSchoenherr
linewasobtained.~ somecasesthedatafallslightlyhigherorlower
thantheSchoenherrlinebti,ingeneral,arestillparsXleltothis
line.Thisdiscrepancyisprobablyduetotheratherinaccuratemethod
ofdeterminingthewettedareaofthecollectorplate.

Thissmalysisindicates that the scale effectonthetangential
forcedueto sprsyisprimsril.ythatduetothevariationh skinfriction
withReynoldsnumberandhencecanbe appreciable.lY itisdesirable
tocorrectforthisscaleeffect,certainobservationsandmeaswements
arerequiredto establishtheeffectiveReynoldsnumberandfriction
coefficientsassociatedwiththeareaswettedbythespray.Themethod
uEedinthispaper,althoughempirical,willresultina closerapprox-
imationofthefull-scaledragthancouldbe obtainedby scalingthe
total.tiel dragby theltrouderelations.Anymethcdwhichsatisfactorily
relatesthesprsydragandReynoldsnumberwouldbe sufficient.

CONCLUSIONS

An expertientalinvestigationwasmadetodeterminethescale
effectsof theforcesfromwatersprsygeneratedby a flatrectangular
planingsurfaceandimpingingona collectorplaterepresentativeofsn
aerodynamicsurfaceorotherpartofa water-basedairplane.Fromthe
resultsofthisinvestigation,thefollowingconclusionsweredrawn:

1.Itwasfoundthatimph@ng-sprayliftforcescouldbe scaled
by theconventionalI&ouderelations.Thesmal.laelspraydragforces,
however,werefoundtobehigherthanthoseofthelargemodelwhen
scaledby theconventionall?rouderelations;thus,a Reynoldsnumber
effectonthespraydragwasindicated.

2.~ usingan emptiicalmethodforcorrectingthesprayfriction
dragcoefficientsona Reynoldsnumberbasis,reasonableagreementwith
theSchoenherrlinewasgenerallyobtained.

LangleyAeronauticallaborato~,
NationalAdvisoryCommitteeforAeronauticsj

~ey Field,Vs.,Cbtober31,1955.
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PEWHNWPMODEL

areh inches.

DIMENSIONSANDTESTPARMEWEM

Iargegeneratorbeam,10tithes;lsxge
beam,2 inches;smallco12ector

collectordtiiona
‘ beem,53.3inches;smallgenerator
10.67inches]

b-l+c
Collector- -1

I
4
A

Watersurface
.W%
yw

*

T =15°

1.8xge

Djmensiona
T=9°

10 2.0
A 15 3.0

B 80 16

q- . 2(30
I
J

2.0
3.0

16

1.63

0.25

0.5

2.0

3.0

4.0

5.0

--t-

10 2.0
15 3,0

80 16

10
15

80

+

10.35 2.07

.1.25 0.25-+--l-=2.3 8.15

1.250.25

+

2.5 0.5

10 2.0

15 3.0

E I 2.5 0.5 2.5

F_10

15
F

20

2.0 10

153.0

20 I 4.04.0 20

I 25 I 5.0 25 I 5.0 25
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(a) Largemxlel, L-90540

F@e l.-Photograph0s?tiela andtestequipmentinsbelled on towing
carriage.
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(b)smallmodel. L-90541

Figure1.-Continued. c1



——. —

M

(c) Smll model with spray shield removed.
L-90542 Q

x
Figure1.-Concluded. G
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smallmodel.
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(b)Largemodel.

Figure2.-Typicslunderwaterphotographs.
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Figure3.-Comparisonoflarge-andsmaU-modelplaningliftcoefficients
withthetheoryofShuford(ref.1).
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T, deg Z/b

20 1.5
15 1.5
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Speed,V,fps

Figure7.-Variationof spreyeaglewithspeed.SmaU-modeldata.
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(a)Collectorheight,1.0beam.

Figure8.- Variationof sprayliftanddragcoefficientswithl?roude
numiber.T = Zo”j l/b = 1.5.
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(b)Collectorheight,1.5be-.

Figure8.-Concluded.

—



3615 25NACATN

m

.0.50

.045

.005

I I I

o Smallmwiel

❑ Largemodel

o 12345678 910 U1213

.oiJ5

.Oho
m
.

$ .035

.005

Fruudenumber,N-

Illlllkf’r ll-lwo-l.n1 I I 1 1 - 1 I I 1 I IL1

. . .

0 1234~678 910 UU33

Froudenumber,~

(a)Collectorheight,1.0beam.

Figure9.-Vsriationof sprayliftanddragcoefficientswithFroude
number.T = 15°;Z/b= 1.5.
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